We have prepared a AgtlO cDNA library with the mRNA isolated from fetal calf brains which were actively myelinatlng. Using two oligonucleotides made according to the known amino acid sequence of myelin proteolipid protein (PLP or lipophilin), we have isolated several cDNA clones for this major intrinsic membrane protein of myelin. One of these clones, designated as pLPl, is found to contain 444 bp of coding sequence for the C-terminal half of PLP and 486 bp of 3' untranslated sequence. Using pLPl as a hybridization probe, we have studied the regulation of PLP at the mRNA level during rat brain development. Our results show that the relative amounts of mRNA for PLP and that for the major extrinsic protein of the myelin membrane, myelin basic protein, increase coordinately during the course of myelination in the brain.
INTRODUCTION
Myelin of the central nervous system contains two major and several minor membrane proteins (1) . A considerable amount of information has been accumulated in understanding the importance of these proteins in nervous function. The two abundant ones, the extrinsic myelin basic protein (MBP) and the intrinsic proteolipid (PLP) or lipophilin (2) , have been most extensively investigated.
Studies have provided the complete primary structures of these two proteins (3) (4) (5) 26) , considerable insight into the arrangement of these proteins in association with the myelin membrane (1, 6) and interesting suggestions as to their possible functions (7, 8) . However, little is known about the regulation of MBP and PLP synthesis and control of gene expression during myelination. In addition, several genetically determined disorders affecting myelin are known in both animals and man (9) . To understand the basic defect in these diseases and the regulation of MBP and PLP expression, studies have been initiated to examine these proteins at the gene level. Recently the isolation of ©IRLPnw Limited, Oxford, England. 
MATERIALS AND METHODS

RNA Isolation
Total RNA was isolated from third trimester fetal calf or postnatal rat brains using the procedure described by Chirgwin et al (13) (1 x Denhardt's is 0.022 Ficoll 400,000, 0.02% polyvinyl pyrrolidone 360,000 and 0.02% bovine serum albumin) and 0.05 % sodium pyrophosphate at 32°, the filters were hybridized to each of the 32 Plabelled mixed oligonucleotide probes (2 x 10 cpm/ml) for 60 h at 32°i n the same solution. The filters were then washed 3 times, 15 min each, at 32° in 5 x SSC and 0.05 Z sodium pyrophosphate.
The recombinant phages which hybridized with both mixed oligonucleotide probes were purified and the inserts in these phages were subcloned in the plasmid pUC9 (20) for restriction enzyme mapping and DNA sequencing analyses.
DNA Sequencing
The cDNA inserts were excised from the pUC vectors using appropiate restriction enzymes, purified by polyacrylamide gel electrophoresis, end-labelled and subjected to DNA sequencing analysis using the chemical cleavage method of Maxam and Gilbert (21) .
Blot Hybridization of DNA and RNA Bovine, human and rat DNA was isolated from cultured cells or indicated tissues using standard procedures (22) . DNA samples were digested with restriction endonucleases under conditions recommended by the suppliers and subjected to agarose gel electrophoresis (23) .
Blot-hybridization analyses of DNA and RNA were performed as described by Southern (24) and Thomas (25) , respectively.
RESULTS
Isolation and Characterization of PLP cDNA Clones
To facilitate isolation of PLP-specific cDNA clones, synthetic oligonucleotides corresponding to two selected pentapeptides were prepared ( Figure 1 ). These two regions were chosen on the basis of The longer inserts were found to contain sequences extending approximately 100 nucleotides further in the 5 1 direction than the shorter ones. Therefore, one of the longer cDNA inserts was subcloned into pUC9 and the resulting plasmid, designated as pLPl, was used for further studies described below. -28.5 t -4.5
suggesting that the protein is not processed at its C-terminus. Furthermore, since neither a polyadenylate track nor polyadenlate addition sequence is found at the 3' end of this cDNA clone, the 3 1 untranslated region of a PLP message is probably much longer than 500 bp in length (see below). Detection of_ PLP-specific RNA and DNA Sequences
To characterize the mRNA coding for bovine llpophilin, gel blothybridization analysis of RNA from third trimester brain was performed using radioactively labelled pLPl as a probe. Fig 3 shows used (data not shown). Restriction analysis using 8 other enzymes also showed a simple pattern consisting of one or few hybridizing bands (data not shown). The bovine PLP cDNA was then used as a probe to study the corresponding genomic sequences in other mammalian species.
As would be expected from the high degree of protein sequence homology among different species (1) the bovine cDNA probe was found to hybridize to restriction fragments of rat and human DNA (Figure 4 ).
Two Hind III bands (11.5 kb and 2.5 kb) and two Eco RI bands (6.2 kb and 1.5 kb) were observed in the human whereas one Hind III fragment (6.7 kb) and two Eco RI fragments (6.2 kb and 1.5 kb) were detected in the rat. Based on the size of the cDNA probe and the size and number of hybridizing restricted genomic fragments, it is likely that there is only a single corresponding PLP gene with a small number of introns in all three animal species studied -bovine, rat and human.
Developmental regulation of Lipophilin Rene expression
Previous studies from other laboratories have demonstrated a close correlation between myelination and synthesis of PLP (27) . To obtain some preliminary information about the developmental regulation of PLP expression at the transcriptional level, we used the bovine PLP cDNA probe to estimate the steady state levels of the rat mRNA species during development. Nucleic acid hybridization analysis was performed to compare the amount of lipophilin mRNA in the brains of rats from the first day of birth through the major period of myelination ( Figure 6 ). Fifteen ug of total brain RNA from animals of each age were applied to a nitrocellulose sheet with the aid of to a slot blot apparatus and probed with radioactive pLPl. The relative amount of pLPl-hybridizing material in each slot was then estimated by densitometer scanning of the autoradiogram as shown in Figure 6 .
The result of the above analysis shows that PLP-specific mRNA was not present in any detectable quantities in rat brains at birth nor at This PLP cDNA detects a single mRNA species of approximately 3.3 kb in the calf brain. Therefore, the present cDNA clone for PLP, pLPl, is clearly much less than full length. In addition, since only 828 nucleotides are required to encode a PLP polypeptide of 276 amino acid residues, there must be a large portion of untranslated sequence in the PLP mRNA. It is also expected that the primary translation product of PLP contains a leader peptide since the protein is synthesized on membrane-bound polysomes (30) . Preliminary analysis of additional cDNA clones isolated from a second cDNA library has suggested the presence of as much as 2 kb of 3' untranslated sequence (data not shown). In this regard, it is of interest to note that we have detected in the rat brain an additional PLP-specific RNA species, the size of which is approximately 1.4 kb, about half of that of the full-size mRNA. Since the relative level of this 1.4 kb RNA species varies in different samples derived from animals of the same age (data not shown), it is possible that it represents a partial degradation product of the fullsize transcript. However, it is not known at this moment whether this snaller RNA species is still capable of directing PLP synthesis.
28
ADULT DAYS AFTER BIRTH
The availability of cDNA clones for both PLP (this study) and MBP (10) (11) (12) has provided an opportunity for studying the developmental regulation of the genes that encode the two major membrane proteins in myelin. Our results show that the onset of transcription ifor both genes appears to be coordinately regulated during development. Both messages are first detectible at 9 days after birth and then continue to accumulate until approximately 30 days; after this time, however, the amount of PLP message declines more rapidly than that of MBP mRNA. This may reflect either a differential reduction in the transcription rate or in the stability of the messages for the two proteins. Interestingly, this difference in mRNA levels correlates well with reports that MBP turns over more rapidly than PLP (31, 32) .
